The Hierarchy of Life 

· The biology of organisms (fig 1.2)

· diversity of living organisms is great

· ___________ named species on earth

· Classification (fig 1.8) KPCOFGS

· semester-long goal of learning about the diversity we study

· what are we going to ask about these organisms in Bio II?

· How do organisms evolve?

· How and what kinds of organisms have evolved to live on land?

· How do organisms acquire energy for life?

· How do organisms sense and respond to their environment?

· How do organisms interact with each other and their environment?

· science as a way of thinking

· observation

· propose hypothesis

· test of hypothesis

· new hypothesis

Begin with Darwin
· Species created by God and unchanging or species evolve? 
· Traveled around the world as a young man, and observed species and their distributions (biogeography)  england to south america living earth.jpg
·  Arrive at mouth of amazon and is impressed by the number of new species 

· As he continues down the coast, he is impressed that temperate species are similar to the tropic species, not the temperate species of England

· Fossils armadillos and living armadillos in south America 

· Turtles and mockingbirds are distinct on each of the Galapagos islands

· Finches are a diverse group that resembles the mainland species

Darwin proposes a mechanism for evolution
· evolution, or the gradual change of organisms over time, had been proposed before Darwin, but no accepted mechanisms of evolution 
· for example, Lamarck proposed in 1809 a theory of evolution based on the inheritance of acquired characteristics

· Darwin’s hypothesis of natural selection was based on observations made on trip to South America and knowledge from published literature
· Literature
· Charles Lyell’s books on geology that presented evidence that the world was very old.  

· Thomas Malthus’s essays on population—struggle for existence

· http://www.otherwise.com/population/exponent.html
Darwin published “The Origin of Species” 
What did Darwin say in the Origin of Species?
· 1. Species change over time or evolve
· 2. Change thru Natural Selection 
· Individuals vary and some of that variation is heritable 

· There is a struggle for survival and most offspring do not survive

· Natural Selection:  individuals having any advantageous trait have the best chance of survival; individuals with a disadvantageous trait will be destroyed in the struggle for survival 

· Only surviving individuals can pass on their genes to the next generation, so the advantageous traits (alleles) are passed on and the disadvantageous traits (alleles) are not passed to the next generation.  The result is evolution or a change in gene frequencies over time.   

· Over time, gradual changes become more pronounced Darwin's tree
What was novel about Darwin’s view of the world?
· Variation was important, rather than something to ignore
· Source of variation?

· Saw relationship between artificial selection and natural selection
Evidence for evolution
· biogeography-- geographic distribution of species
· South American and European temperate floras 

· species on islands resemble nearby mainland species

· Darwin predicted that man’s ancestors would be found in Africa

· Fossil evidence—
· Extinct organisms, transitional forms (fig 22.12)

· Comparative anatomy
· Homologous structures—fig 22.17; 

· Vestigial organs—fig 22.19

· Molecular biology
· Molecular homologies See table 22.20
· Human Genome factsheet:  http://www.ncbi.nlm.nih.gov/About/primer/phylo.html
Some things to remember about natural selection
· Natural selection acts on individuals

· Mutations provide the raw material for the variation among individuals that natural selection acts on

· Mutations or new traits are not generated or learned in response to needs of the species

· The proportion of advantageous alleles/traits increases in a population over time in response to natural selection

· A species’ traits represent adaptations to their past environments

EVOLUTION OF POPULATIONS    


· Chapter title is significant:  populations evolve, not individuals  

· Natural selection does act on individuals--How?

· Darwin convinced most biologists and the public that organisms evolve, but not that natural selection was the driving force.  

· Inheritence not understood, and it wasn’t clear how variation would be maintained.  Genetics makes clear.

· Modern Synthesis (1940’s)--genetics integrated into evolution

POPULATION GENETICS

define 

· population, 

· species, 

· gene pool, 

· allele, 

· locus, 

· diploid, 

· homozygous, 

· heterozygous 

· gene (or allele) frequency--the proportion of gene copies in a population that an allele acccounts for; i.e., the probablility of finding this allele when a gene is taken randomly from the population 

Hardy-Weinburg theorem 

· describes a non-evolving population.  What will be happening to gene frequency?

·  mathmatically shows that sexual recombination alone will not change gene frequencies in a population (see Fig. 21.4)

MICROEVOLUTION--generation to generation changes in gene frequencies

· A population undergoing microevolution is not in Hardy-Weinburg equilibrium;  Hardy-Weinburg provides baseline for comparison--non-evolving control.

· What can disrupt Hardy-Weinburg?  (looked at another way, what causes changes in gene frequency or microevolution?)

· small populations leads to genetic drift, chance sampling error that can alter gene frequency.

· two different conditions lead to small populations

· bottleneck effect (Fig 21.6) due to extreme population decreases; results in loss of alleles

· founder effect when a few individual colonize isolated island, area. 

· gene flow, transfer of alleles between populations due to movement of individuals

· dispersal of animals or wind blown pollen;  

· slow down effect of natural selection to local conditions

·  mutations
· immediately changes gene pool

· rareness makes change due to mutation barely detectable i.e., 1 in 1,000,000 gametes carry mutation at a locus
· mutations important as sources of variation that natural selection can act on 

·  non-random mating--mixing of gamete in Hardy is random--if mates are chosen based on a heritable trait you get change

· inbreeding common; increases % homozygotes and thus expression of rare, recessive alleles

· assortative mating; ie., insects mate on their host plant; select mate similar to themselves 

· natural selection—

· hardy-weinburg requires all individuals to have equal chance to pass on genes

· individuals vary and individuals pass on different numbers of offspring.

· pink and white flowers--demo with overhead from drift

· differs from above factors by being adaptive

Variation is the raw material of Natural Selection

· genetic variation within a population  

· fruit flies 30% of loci in gene pool heterozygous

·  contrast to cheetahs:  homozygous at most loci

· genetic variation between populations 

· cline: gradual change in trait over geographic space 

How is variation generated?

· Recombination--leads to most variation observed in populations

· Mutation:  (review pgs 410-411)

· generate new alleles; new variation

· rare--DNA replication errors 

· must occur in cell lines producing gamete to be passed on

· many mutations silent--don’t change protein structure/function

· more likely harmful than beneficial, especially in stable habitat, but if conditions change....

How is variation maintained?  

· gene flow from population adapted to different local conditions

· diploidy--hides rare recessives...may not be useful now, but if the environment changes....

· balanced polymorphism--

· heterozygous advantage, ie, sickle cell disease; both homozygotes will continue to appear in population even if they are selected against, due to recombination following mating by superior heterozygote.

· frequency-dependent selection-usually think of fitness of an allele remaining constant if environment constant; but in some cases the fitness of an allele is dependent on its frequency in the population

Modes of Natural Selection 

· Stabilizing—most common under stable environment

· Directional—important when environment changes

Sexual Selection-

· sexual dimorphism

· Traits don’t directly impact organisms struggle for survival, i.e., bright feathers in birds

· in most species its the males that must demonstrate their potential fitness to females, who then chose which to mate with.  

· mammals big

· birds colorful

· insect/spiders—elaborate display, food offering
Evolution does not lead to perfect adaptations

· historical constraints

· adaptations are compromises

· can only work on existing variation 

The Origin of Species

Cladogenesis-

· the divergence of different genetic lines from common ancestors.  The critical step is speciation, the formation of two species from one parental stock.
What is a species?  

· biological species concept:  

· Reproductive isolation allows unique mutations to remain within the species. 

Reproductive barriers separate species:

· habitat isolation, i.e., parasites on different mice sp

· behavioral isolation; songs, dances differ

· temporal isolation; 

· mechanical isolation--ie pollen placement on bee

· gametic isolation--zygote does not result
· reduced hybrid viability; 

· reduced hybrid fertility-i.e., mules

Biological species concept does not work for all species

· see table for other definitions of species

· morphological species concept most common

· plants often form hybrids, yet maintain distinct species  

What happens when gene flow between populations stops?

What can stop gene flow between populations? 

· Geographic barriers.  geography always changing: mountains rise, glaciers move, oceans rise and fall separating land masses or oceans.

· Allopatric speciation-gene flow stopped by physical barrier.  Over time, differences in gene pool accumulate.

· What makes a geographic barrier depends on the species and its mobility  

· Example:  desert pupfish in California.  50,000 yrs ago the area was wet, drying trend 10,000 yrs ago, and isolated populations; now have unique species in each remaining spring.

· Example: central america--land bridge or ocean barrier? 

· When isolated populations (species) meet again, there may be selection for isolating mechanisms

· If hybrids are less viable, individuals that can recognize their own species would produce more offspring than those that hybridized.

· Small population size increases chance of speciation due to genetic drift

· peripheral isolates are important in speciation 

· founder effect

· different environment (at edge of range)

· islands are example of peripherally isolated populations—islands known for many examples of rapid speciation and adaptive radiation, especially on island chains.

The tempo of speciation

· Darwin described a gradual accumulation of differences as speciation occurred

· Darwin’s view modified recently by the ideas of punctuated equilibrium

· fossil record shows new species appearing suddenly in geologic time, followed by long periods of stasis

· what does “suddenly” mean on a geological time scale?

0__.1_________.5______________1my____________________________2my

· punctuated equilibrium is consistent with the idea that peripheral isolates are very important in speciation.  

· Small populations on the edge of their range could evolve rapidly thru selection and drift—and they would not leave many representatives in the fossil record

Tracing Phylogeny

Phylogeny and Systematics 

· Phylogeny is the evolutionary history of species

· Systematics is the science of reconstructing phylogenetic history

· Taxonomy based on Linnaeus’s binomial system

· Intended as a filing system

· Hierarchical categories: KPCOFGS

· Species names always Genus species, i.e. Homo sapiens
· Phylogentic classification:  Develop and test hypotheses about evolutionary history of groups of organisms

· a hypothesis about past evolutionary history of a organism takes form of phylogenetic tree.

· A phylogenetic tree reflects taxonomic hierarchy

· monophyletic trees are the goal

· polyphyletic trees include a member with a different ancestor, i.e., protista

· paraphyletic trees exclude a descendent; i.e., birds excluded from reptiles; green algae excluded from plants

What evidence is used to construct a phylogeny?

· morphology of living organisms (i.e., extant organisms)

· group taxa with homolous structures together

· homology—similarity due to common ancestor (i.e., limbs in tetrapod vertebrates)

· must distinguish homology from analogy

· Analogy-similarity due to common selective pressure = convergent evolution, i.e., dorsal fin in sharks and dolphins

· fossil evidence of the morphology of extinct organisms

· some kinds of organisms leave many fossils others leave few

· decayed and rotted bodies don’t leave fossils

· anything that prevents decay, promotes fossilization

· Molecular biology

· proteins (hemoglobin, chlorophyll)—amino acid sequences of homologous proteins can be compared.

· DNA

· hybidization 

· fragment mapping

· DNA sequencing

· Molecular clocks

DIVERSITY OF LIFE  

· Diversity: how many and what types

· The origin and radiation of life: history of life on earth, Fig 26.3 

· Yard stick history of life:

· 1000 million = 1 billion

· 1 in = one hundred million years or 100,000,000 years

· 39 inches = 3900 million yrs or 3.9 billion yrs

· The age of the earth:
4.5 billion  4,500,000,000  

· first life (prokaryotes)     35”  or  3.5 billion  or 3,500,000,000  

· 
eukaryotic cells
15”

· 
multicellular
7.0”

· 
1st vertebrates
4.5”

· 
plants invade land
  4”


· 
dinos
2.5”

· 
angiosperms
1”

· 
dino’s extinct
0.65”

· A 12” ruler is long enough for all multicelluar organisms-

· A 6” ruler is long enough for most of our fossil record of plants and animals

How many kingdoms are there?  

